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Draft  of  a  lecture  in  a  series  at  the  History  Departments  of  Johns 
Hopkins  and  Catholic  Universities,  entitled  "Enterprise  and  Entre- 
preneurs in  19th  and  20th  Century  France".  Corrections  and  comments 
invited. 


Tdo  jChorrie  of  ttils  locluro  \  ■:,   io   ■■,^(^rt■  wllti  n  do'-.cri  pi  ion  of 
scientific  and  technical  education  in  France  -  a  description  more  or 
loss  valid  for  the  whole  period  since  the  Revolution,  rather  than  a 
detailed  chronolon i ca I  account,  although  some  major  milestones  must  be 
mentioned.  There  follow  discussions  of  the  role  of  technical  education 
in  entreprenoursh i p  generally,  and  of  the  special  characteristics  which 
distinauish  I'oth  scientific  education  and  entrepreneLirsh  i  p   in  France. 
The  rnethod  used  is  what  two  younn  economic  historians  somewhat  sniffily 
call  "qualitative  statement  and  countorstatement" ,  better  in  tlieir  view 
fhan  'journalistic  qenora I i zation"out  of  which  it  emerqes,  but  well  short 
of  'standard  economic  and  statistical  tools''  of  a  nuant  itat  I  ve  sort.  "The 
social  return  to  technical  ecJucation  could  be  estimattsd  and  comparison 
made  (for  Britain)  with  German  and  American  rates  of  return  L'^lcCloskey  and 
Sondberq,  l07-08j.  In  the  circumstances  surroundinn  the  quality  of  French 
scientific  education   its  provision  to  one  dominant  monopsony  employer,  the 
state,  and  the  family  character  of  French  firms,  I  doubt  me  of  it,  as  the 
French  say.   For  example,  to  estimate  the  return  to  investment  in  chemical 
education  in  France  from  comparative  wanes  of  French  and  German  chemists  - 
in  1913  France  had  2,000  chemists  and  Germany  30,000  -  [Palmade,  242]  -  re- 
quires identify  inn  the  model.  If  demands  for  chemical  services  were  broadly 
identical  in  the  two  countries,  and  the  waqe  rate  much  hieher  in  France  than 
in  Germany,  an  unambiquous  calculation  could  be  made.  If  supply  of  potential 
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chemists  were  broadly  tho  same  ind  thn  French  waao  lower,  higher  demand 
for  chemists  in  Germany  than  in  France  would  be  indicated.  Hut  if,  with 
fh i s  difference  of  15  to  I  in  supply,  there  were  both  a  mania  for  theory 
instead  of  practice  in  France  and  indifference  among  the  French  users, 
CPalmade,  24 1 H  both  demand  and  supply  schedules  in  the  two  countries  could 
differ  with  roughly  comparable  wage  rates,  which  would  tell  us  nothing 
about  the  social  return  to  technical  education. 

Even  if  the  task  of  measurina  exactly  the  contribution  of  technical 
education  to  nrowth  were  possible  for  the  new  brood  of  economic  hisforians, 
however,  it  is  not  so  for  me,  nor  1  suspect,  would  it  be  anreeable  to  you. 
The  argument  then  is  based  on  journalistic  description,  oualitativo  state- 
ment, and  a  few  tables  whoso  numbers  will  bo  left  untortured. 


The  jewel  in  the  diadem  of  scientific  education  in  Franco  significant 
for  economic  growth  and  entrepreneurial  activity  was  and  is  the  ilcole 
1^°' y^i55i'l^J*-'4!^-*  '^  ^"'^^  founded  in  the  days  after  the  French  "novo  I  ut  ion  as 
part  of  a  wave  of  educational  reform.  This  surge  had  its  origins  mainly 
in  the  Enlightment,  reacting  anainst  the  Sorbonne  and  the  Church,  and  was 
only  to  a  limited  degree  a  response  to  pressures  from  scientists  CBen-David, 
1971,  90l|  though  they  guickly  manned  it  and  brought  it  to  an  eminence  of 
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achiovofnont  which  it  hn^  novor  lost.   Compoti  ti  on  for  admission  was 
intense,  with  almost  three  times  as  many  takinrj  the  difficult  examinations, 
qonerally  after  a  year  of  fuforinq,  as  were  admitfod  lotweon  1794  and 
lo36,  no'l  s  i  >:  I  i  rnos  in  1036  itself.  Ilumbers  sfarfod  at  an  average  of  130, 
and  fluctuated  between  that  fiqure  and  300  [Artz,  232-33;  Block,  2G8].  The 
course  lasted  two  years,  and  fitted  its  Graduates  for  the  applied  schools, 
to  be  discussed  presently,  except  of  course  in  times  of  war,  and  especially 
under  '\lapoleon  I,  when  classrooms  were  ei.iptied  to  fill  the  ranks  of  company- 
grade  officers. 

A  military  institution,  it  proparod  its  graduates  especially  for  the 
artillery  school   at  Metz  and  for  army  enoineerinn  -  a  diversion  from  the 
original  intention  of  the  reformers  who  were  interested  in  industrial  pro- 
gress. Saint-  Simon,  the  pioneer  of  the  movement  favoring  economic  growth 
which  flowered  especially  after  1830,  in  1797  took  a  house  across  the  street 
from  the  school  QArtz,  242]  though  it  is  not  stated  whether  this  was  the 
rue  de  Descartes  on  which  among  others,  the  institution  fronts.  He  was  a  close 
friend  of  Monoe,  who  with  Lamblardie,  was  the  prime  mover  in  the  school's 
formation.  Monge  and  Lamblardie  had  the  convinction  that  the  same  training 
was  appropriate  to  civil  as  to  military  emineering.  Before  the  age  of  the 
computer  when  the  calculation  of  parabolas  has  become  a  trivial  exercise, 
artillery  reguired  much  mathematics.  Mathematics  and  descriptive  geometry 
were  the  backbone  of  the  curriculum,  and  in  less  riqorous  form  of  the 


I    Artz  C 1 5  I  3  calls  the  founding  "in  some  ways  the  most  sinnificant  advance 

in  the  whole  history  of  higher  technical  education  in  Europe''.  In  describina 
French  scientific  and  technical  institutions  and  accomplishments,  however, 
this  author  is  somewhat  prone  to  superlatives  as  evidenced  by  pp.  136, 
147,  160,  166,  170,  203,  217  (2),  230,  232,  237,  248,  266. 


curricula  of  all  French  technical  schools  down  to  the  primary  level.  Monge 
liimself  was  a  neometer.  The  109^  list  of  F'o  I  ytechn  i  ciens  who  ''made  their 
mark  in  science'  includes  17  neometers  in  first  olace,  ahead  of  14  mechanical 
engineers,  II  physicians,  9  astronomers,  8  geologists,  7  historians  and 
pfii  Icjiogians,  5  chemists  and  in  last  place  I  regret  to  sav  -  two  economists, 
Chevalier  and  LePlay.  LCcoie  polytechn  ique,  517-19]]  Descriptive  geometry  was 
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called  the  Latin  of  the  school  [.Artz,  235J. 

The  prestige  of  the  Ecole  pol ytechn inue  was  enormous,  and  became,  to 
an  extent,  an  end  in  itself.  'Hlory'is  frequently  evoked  by  it.  In  1023 
Dupin  complains  that  a  decline  in  the  quality  of  professors  has  dried  up 
'this  source  of  qlory'  C^upin,  M,  320^.  The  lC-^0  motto  of  the  alumni 
Association  nhi  lotechn  ique   was  'For  the  fattiorland,  for  sciences,  for 
glory,  '  CArtz,  243l|,  the  motto  now  inscribed  over  flie   door  of  the  school, 
for  the  purpose,  according  to  Detoeuf  [139]]  of  communicating  to  the  students 
an  exact  account  of  the  practical  role  they  will  nlay.  Contemporaneously, 
the  subtitle  of  Ca I  lot's  history  of  the  institution  reads  'Ges  I ogendes , 
ses  traditions,  sa  gloire." 

High  prestige  and  limited  entry  are   of  course  intimately  associated, 
and  together  produce  rents  for  those  who  squeeze  through  the  portal.  These 
rents  attract  more  competitors  for  the  prize,  and  the  competition  becomes 
limited  to  those  who  are  bright,  ambitious  and  at  least  moderately  well-to-do. 


Tiie  Colleges  royaux  in  secondary  education  from  which  one  applied  to 
the  grandes  ecoles  were  called  by  the  opposition  "pas  Latin''  or 
occasionally  "classes  des  epiciers"  [Artz,  \95j.     In  Germany  technical 
institutes  were  sometimes  referred  to  as   plumbers'  academi es'T^i nger , 
4S2nj. 


Fgw  praduates  went  into  industry  in  tino  period  before  1850,  Civil 
engineerinq  was  neqiected  for  ni  I  itary  enqineerinq,  and  within  civil 
enr)  ineeri  ng,  public  dominated  private  works. 


3  Artz  records  C2391  that  the  qraduates  from  1795  to  1336  were  not  obliged 
to  enter  government  service,  though  there  was  pressure  to  do  so,  and  re- 
cords the  numbers  that  did  as  follows: 

1700  arti I  lory 
917  mi  litary  eng  ineering 

25  general  staff 
108  geographical  engineers 

19  state  munitions  manufacturing 

55  nava I  art  i I  lory 
I  18  nava I  engi  neers 

13  naval  hydrograph i ca I  engineers 
105  qeneral  navy 
1 95  Corps  des  mines 
I  1 8  Corps  des  ponts  et  chaussees. 

ito  number  of  total  graduates  is  given,  so  that  one  cannot  calculate  per- 
centages. iMonethel  ess,  these  military  and  government  careers  represented 
a  very  sizeable  majority.  In  1836,  only  9  of  120  graduates  did  not  enter 
pub  I ic  service. 

A  century  and  a  guarter  later  three-fifth  to  two-thirds  of  the  alumni 
are  in  public  service  and  one  third  in  industry,  according  to  Cal lot's 
rough  figures  [2881]  :  Of  10,000  active  alumni,  there  are  3,400  in  industry, 
2,900  civil  f unctiona i res,  2,270  military  personnel,  plus  60  international 
civil  servants,  and  780  in  nationalized  industry.  The  proportions  in  private 
and  public  service  may  be  affected  by  the  fact  that  many  in  the  Corps   des 
mines,  the  Corps  des  ponts  et  chaussees  and  in  the  Genie  maritime  worked  in 
industry  on  the  basis  of  unlimited  leaves  or  special  missions.  LEcole  poly- 
technique,  557j.  See  also  Tables  II  to  IV  below. 
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The  applied  schools,  Ponts  etchaussees  and  flines,  qo  back  to  the 
18th  century  before  the  Revolution,  thounh  they  were  reonanized  durino  the 
educational  reform.  After  two  years  at  the  Ecole  polytechn ique,  a  man  -  more 
recently  also  women  -  would  qo  on  to  three  years  at  Ecole  des  ponts  et 
chaussees,  or  two  at  EcpJ_e__dG_s_jTij  nes  at  Paris.  The  latter  prepared  students 
for  coal  and  iron  mininr),  though  the  Ecole  des  mi  nes  at  Gt.  Etienne  went  in 
for  steel  and  railroads  as  well.  Ponts  et  chaussees  was  directed  to  means  of 
communication  but  also  to  public  works  generally,  including  beyond  I)  bridges, 
roads,  railroads,  ports  and  interior  navination,  instruction  on  2)  large 
public  works  in  irrigation,  draining,  regulation  of  water  and  factories,  dis- 
tribution of  water;  3)  mechanics,  civil  architecture,  ninerology,  geology, 
agriculture,  political  economy,  and  administrative  law.  There  were  only 
20  students  a  year,  plus  some  foreianers  and  lo-called  ''externes''  who  entered 
otherwise  than  from  selection  from  the  ["cole  polytechn  iguo  L'3lock,  2!30j. 

The  Co£ps  des  ponij,_ef   chaussees  was  in  many  respects  the  forerunner  of 
the  post-Vtorld  War  II  Commissariat  au  plan.  In  1792  it  was  asked  by  '"inister 
Roland  under  the  convention  to  prepare  an  econo'nic  plan  to  restore  economic 
order  by  providing  for  public  works,  includinn  plantations,  mines  and 
guarries,  forges  and  factories.  CCommission  de  !^echorche,  2,3l.  The  famous 
Eto ]•  I e  design  for  the  railroads,  tyinn  the  country  to  the  center  at  Paris 
came  from  Le  Grand  at  Ponts  et  chaussees  in  1630,  the  Louis  Armand  or  Pierre 
Masse  -  both  Pol ytechn  iciens ,  by  the  way  -  of  his  •;ay.  The  Corps  was  a  strong 
force  for  standardization  and  centralization,  objecting  with  vigor  to 
the  use  of  English  standards  in  building  the  railroad  from  St.  Etienne 
to  Lyons  with  wide  curves,  double  tracking  and  a  tunnel  under  the  water- 
shed between  the  Loire  and  the  Rhone. [Dunham,  52] 


-  7  - 


5uch  was  tho  prostiqo  of  the  qraduates  of  the  T'cokj^des  po^t_s__(y^ 
chaussees  that  they  took  predodonce  at  state  functions  over  colonels 
in  the  army,  [Artz,  IM-ll. 

The  Ecole  des  mi  nes  at  Paris  was  dosiqned  for  qovernmont  service, 
although  a  small  stream  of  its  qraduates  went  into  private  employment, 
and  others  like  Michel  Chevalier,  the  Sa i nt-Simon ien  economist,  had 
qoneral  careers  in  journalism  and  qovernmont.  The  school  at  St.  Etienne 
for  private  engineers  was  less  selective,  easier  to  enter,  and  loss 
prestioious.  That  at  Alais  was  for  foremen. 

There  was  a  welter  of  smaller  grandes  ecoles  for  a  variety  of  pur- 
poses, military,  naval,  and  specialized,  which  we  will  encounter  in 
Tables  II  to  IV,  but  wliich  we  need  not  spend  time  with  now.  The  French 
tradition  when  confronted  with  a  problem  is  to  start  a  school  to  teach 
its  solution.  At  the  level  of  skilled  instruction  this  results  in  schools 
of  commerce,  v/atch-making,  lace-making,  silk,  locksmithy,  those  for 
blind  and  so  on.  It' applies  also  to  the  levels  of  higher  instruction  in 
such  fields  as  hydrography,  electricity,  geography,  navel  enqineering 
and  many  more.  But  between  the  grandes  ecoles,  grouped  around  the  Ecole 
po I ytechn ique  as  the  pivot,  and  the  primary  and  secondary  instruction  of 
the  working  copulation,  the  French  have  developed  a  variety  of  institutions: 
the  Conservatoire  des  arts  et  metiers,  the  Ecole  centra  I e  des  arts  et 
manufactures,  and  the  Ecoles  des  arts  et  metiers. 
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The  Conservcsto^i  re  was  started  rlurinn  the  Revolution,  and  provided 
with  a  museum  of  industrial  models  and  an  excellent  library.  Durinq  the 
Consulate,  courses  were  undertaken,  largely  at  a  popular  level.  By  1810 
there  were  500  students  regularly  enrolled.  [Artz,  146^.  In  IC75  14 
professors  gave  ^59  lessons  to  135,000  individuals  IjJIock,  25'J]  If  each 
student  attended  only  one  course  of  lessons,  and  each  professor  gave  but 
one,  the  total  number  of  students  ennaqed  would  have  been  close  to  1,000. 
Carly  in  the  century  Chaptal  organized  a  course  in  weaving.  The  two  most 
illustrious  nraduatos  of  the  Conservatoire  were  Joseph-Eugene  Schneider, 
later  of  the  Schnei der-Creusot  steel  company,  and  Josonh-Marie  Jacguart  • 
who  invented  the  loom  for  weaving  complex  designs  in  silk,  using  for  the 
purpose  a  forgotten  model  of  Vaucasson  in  the  museum  of  the  Conservatoi  re 
which  had  almost  solved  the  problem.  COunhain,  253j  The  Conservatoire  was 
especially  distinguished  in  Its  work  in  chemistry  under  Fremy,  whose 
laboratory  was  a  showpiece,  to  which  German  students  like  Llebig  and  Kekule 
came,  in  the  Itey-day  of  French  chemistry  before  1850,  it  was  France  which 
had  a  practically-centered  laboratory  approach  not  Germany,  but  that  at  the 
Conservatoi  re  was  the  only  one.  THohenberg,  G8j.  In  1353  the  first  teaching 
laboratory  in  engineering  in  the  world  was  established  in  the  museum  [Artz,2'7], 

Centra  I e  was  started  privately  in  1829  by  a  group  of  industrialists 
discontent  with  the  numbers  and  gualities  of  engineers  made  available  to  them. 
In  the  1850s,  it  was  given  to  the  city  of  Paris.  Instruction  took  three  years, 
a  year  longer  than  the  Ecole  pol ytechn igue,  but  there  were  no  applied  schools 
to  fol low,  unless  one  was  admitted  as  an  externe,  seemingly  a  rare  occurrence. 


Like  that  of  tho  Po  I  y  fechnj  quo,  the  first  yenr  wa':  basod  on  nathomatlcs 
and  do5crlptivo  r]eomofry,    but  since  tho  student^,  v;ore  selected  from  n 
somnwhat  less  qualified  qroup  of  applicants,  the  level  while  severe,  was 
not  as  rigorous.  From  1832  to  1070  the  Cent  rale  produced  about  100 
engineers  a  year,  which  leads  Prost  to  conclude  that  the  needs  were  not 
very  large  LProst  302]] 

This  is  not  the  way  it  was  seen  by  contemporaries,  however.  The 
perennial  drive  to  push  technical  education  for  economic  nrowth  expressed 
by  Talleyrand  in  1791  to  overcome  routine  methods  CArtz,  Il5i]  by  Chevalier 
in  I 83S  to  raise  the  quality  of  French  goods  [Dunham,  18671  was  extended 
in  the  Second  Lrnp i re  by  the  Sa i nt-S imon i en  Louis  Napoleon.  One  spur  was 
the  competition  felt  in  international  exhibitions.  The  Universal  Exposition 
in  Paris  in  1862  found  the  French  section  of  the  international  jury  urninq 
more  industrial  education  'to  maintain  the  products  of  our  industry  at  the 
level  which  belongs  to  them''  -  a  somewhat  delphic  remark,  and  resulted  in 
the  formation  of  a  special  commission  C^inistere  des  affaires  etrangeres, 
1863,  27l|  Five  years  later  improvement  presumably  had  been  realized.  More 
than  five  hundred  alumni  of  the  Ecole  imperiale  des  arts  et  manufacturers,  as 
Centra le  was  known  in  the  Second  Empire,  had  figured  as  exhibitors  in  the 
Universal  Exposition  of  1867  in  Paris  and  248  had  won  awards,  among  them 
5  grand  prizes,  65  gold  medals,  8  decorated  with  the  Lenion  of  Honor 
[ilinistere  des  affaires  Etrangeres,  1067,  94]].  But  there  is  no  benchmark 
with  which  to  compare  this  performance  either  in  time  or  between  countries, 
and  in  particular  there  is  no  indication  of  how  much  these  prizes  reflected 


Fronch  taste  and  workmanship,  and  how  much  cost  efficiency. 

Tlie  Ecole  des  arts  et  metiers  originated  at  the  eve  of  the  Revolution 
when  the  [Juke  do  la  Ixochefoucau  Id-Li  ancourt  started  a  school  for  the 
children  of  his  dragoons  reoiment.  Transferred  from  Compieqne  to  Chalons- 
sur-ilarne,  its  purpose  was  enlarged  to  the  provision  of  good  workmen  and 
chiefs  of  workshops.  Others  followed  at  Anqers  and  later  (1043)  at  Aix 
CProst,  303l|.  In  1874,  these  schools  were  each  capable  of  handling  300 
students,  but  had  somewfiat  fewer  Ti'^lock,  262^.  Courses  lasted  three  years 
and  covered  such  subjects  as  foundry  and  locksmithy,  with,  of  course,  a 
strong  component  of  descriptive  geometry.  Prost  notes  that  the  old  alumni 
of  Chalons  and  Angers  got  more  mathematics  and  science  than  practical 
education,  and  that  they  were  the  only  oeople  able  to  piece  out  the  ranks 
of  engineers  wlien  the  arandes  ecoles,  includinn  Centra  I  e,  proved  incapable 
of  providing  the  numbers  necessary.  uProst,  303l|  Monoe,  ^ertholet  and  La- 
place wore  interested  in  these  schools,  just  as  the  Duke  of  Rochefoucau I d- 
Liancourt  played  an  early  role  i  ti  the  reorganization  of  the  Conservatoi  re. 
■^utside  tlie  realm  dominated  by  the  classic  tradition  of  religion,  philosophy, 
medicine  and  law,  taught  in  the  universities,  scientists  and  educational 
reformers  made  common  cause. 

The  universities  of  course  taught  science.  They  did  little  research. 
lip  to  1330  French  science  was  the  most  distinguished  in  the  world,  says  l]en- 
."lavid,  as  a  result  of  momentum  gained  in  the  18th  century.  Leading  fields 
wore  mathematics,  chemistry,  and  mechanical  engineering.  Scientists  had  little 
time  to  work,  since  they  had  to  earn  their  livinr'  in  other  /ays  and  suffered 
as  a  rule  under  limited  facilities.  Primarily  they  taun'nt  rather  than  did 
research,  and  taunht  deductively  rather  than  experimentally.  Instruction  at 


such  a  place  as  ttie  ^pJJj^9_p_J^^^_£^'''S^   was  suporL).  The  freedom  to  reform 
science  was  aained,  the  will  to  do  so  declined.  About  1830  French  science 
began  to  rinidity.  The  establishment  of  the  Fcolo  pratique  des  hautes 
etudes_  in  1868  served  to  support  research,  but  in  the  absence  of  degree- 
granting  powers,  had  difficulty  in  offsetting  the  trend.  Cilen-Oavid,  1371, 
chap.  viH  Pasteur's  institut  created  in  response  to  his  interest  in 
practical  problems  like  pebrine,  phylloxera,  and  fermentation,  was  an 
exception.  Tin.;  prestige  of  the  un  i  ver  .  i  I"  i  es  in  science  remained  hinh 
despite  authoritarian  and  doctrinaire  organization.  Vihen  choice  had  to  be 
made  by  a  student  admitted  both  to  the  Ecole  polytechn igue  and  the  Ecole 

normale  superieure  to  seek  the  aggrenation  and  a  professorial  post,  it  was 

4 
not  automatic  that  he  would  choose  the  Ecole  polytechn i cue. 


4.   The  Expose  de  la  situation  de  I 'empire  for  February  1863  [Ministere  des 

affaires  otranoores,   1865,  1 223  notes  that  in  spite  of  all  the  prestige  ' 
which  attaches  to  the  Lcolo  f)oly|-ficJ]n  l(]_uo,  one  sees  candidates  admi  ftod 
to  [joth  competifions  and  in  the  first  ranks  who  choose  the  Ecol_e_  norma  le. 
This  may  protest  too  much.  The  same  volume  notes  [121]  fhat  the  Ecol e 
normale  competition  was  brilliant  with  more  than  300  candidates:  that  for 
1866  notes  344  candidates  for  35  places.  Prost,  however,  observes  that 
the  non-norma I i  ens  who  enter  university  teaching  by  the  "back  door'  are 
generally  of  higher  social  origin  than  the  normal iens  who  are    looking  for 
security,  standing,  vacations,  etc.  and  never  dreamed  of  a  different 
career,  while  the  non-norma I iens  are  often  those  who  have  suffered  financial 
reverses  [Prost,  3783  For  a  contrary  view  see  V.'yiie,  Begue  and  Begue 
[2433.  They  maintain  that  the  normal iens  can  easily  net  detached  from 
teaching  and  enter  letters,  statesmanship,  and  big  industry. 


In  modern  Mmos,  o   woll-worn  route  fo  business  distinction  is  via 
the  Ecoles  des  sciences  politiquos,  or  the  Hcolo  do  droit  of  a  major 
university,  preferably  Paris,  the  Ecole  norma le  d 'administration  and  the 
Inspection  dcs  f  i  nance  sC  La  I  umiere,  passim]]  .  Prior  to  the  ostab  I  i  shncnt 
of  the  Ei_vlA  after  ',/orld  Viar  II,  the  Inspection  dcs  finances  was  entered 
directly  from  law  or    followinn  the  anqronation,  which  camo  after  C.N.C. 
Like  the  '^'7_f_ps  _des_  ponts__ct_chau_ssce5  ind  the  I'^cn^s  des  mines,  the 
Inspection  des  finances  was  established  for  qovornment  services,  but  like 
them,  its  recruits  arc   often  seduced  into  private  employment,  temporarily 
or  witfi  a  permanent  separation. 

Prior  to  the  last  few  years  commercial  schools  iiave  existed  since  1325 
when  two  silk  merchants  in  Paris  founded  the  Ecole  specialo  do  commerce  et 
d '_i  nd_ij_strio,  lo  provide  '  enouqh  scientific  traininq  for  stud<;nts  to  Ijo- 
come  not  enqinoers  but  to  be  abhi  to  direct  the  business  end  of  industrial 
operations  [ifediich,  1957,  2j5'].    The  initial  siai^    iticluded  the  economist, 
Adolphe  nianqui,  student  of  Jean-[]apt i ste  Say,  who  took  over  as  director 
in  1830.  The  Paris  Chamber  of  Commerce  bouqht  the  school  in  1868  wlien  it 
ran  into  financial  difficulties,  in  the  early  period  the  course  took  three 
years,  and  the  number  of  students  ran  about  170  [Prost,  304^. 

Schools  of  commerce  spread  under  the  Third  Republic  after  1870,  and 
especially  the  Ccoles  des  hautes  etudes  commercialos  (H.C.C.).  That  in  Paris 
was  founded  by  the  Paris  Chamber  of  Commerce  in  1881.  Since  1955  all  French 
universities  have  initiated  business  curricula.  At  the  University  of  Paris 
50  percent  of  the  students  had  law  deqrees  and  17  percent  ennjneering  degrees. 
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[Warnor,  22"!.  A  recent  school  pattnrnod  aftor  tho  llnrvcird  Hraduato  School 
of  iiusiness  Admi  n  i  5  I  ra  Mon  ,  usinn  the  case  method,  ha'"^  [)oon  startud  at 
fonta i nob leau  . 

Tho  llautes  etudes  commerc i a  I es  are"certa i n I y  less  prestioious  and  less 
difficult  than  Polytechn  ique ,  l\lorma  lo  or  Ei\IA'  I'./ylie,  Roque  and  Beque,  245nj. 
V/y  I  i  e  et  a  I  qo  on  to  explain  that  if  one  cannot  get  into  the  one  of  the  last 
three,  the  bourqeois  student  is  content  with  the  world  of  affairs  (which 
explains  averaqe  French  mentality  with  respect  to  commerce  Cibid^). 

Some  numbers  nay  put  this  catalonue  of  institutions  into  perspective, 
across  all  French  hiqhor  education,  over  time  -  but  only  from  1913  to  the 
present  -  and  in  na1  tonal  cross-suction  for  10  13.  Tit)lo  I  shows  tho  rise 
of  total  numbers  of  students  enrolled  in  I  fncli  hinhor  education,  the  na  i  n 
of  scientific  and  technical  education  at  I  he  expense  of  law  and  social  science, 
larnely  law,  and  tho  surprisinn  rosull  thai  dos|)ife  i  fs  tradition  of  tech- 
nical education,  France  laqqed  in  19  13  behind  Furope  in  the  proportion  of 
its  student  body  devoted  to  it. 

This  cataloquinq  institutions  of  scientific  and  technical  education 
may  be  brouqht  to  a  close  by  reviewinn  the  various  criticisms  leveled 
aqainst  them,  and  especially  against  the  qrandes  ecoles: 

1)  instruction  is  too  theoretical,  mattiematica  I  ,  rigid; 

2)  the  system  is  too  centralized,  authoritarian; 

3)  the  schools  themselves  are  cliquish,  elitist,  and  turn  out  a  product 
which  is  arrogant; 


4)  both  the  system  and  its  output  concentrate  too  heavily  on  the 
top  ranks  of  instruction,  administration  and  industry,  and  neglect  to  pro- 
vide in  sufficient  quantities  for  instructors,  laboratory  assistants 
middle  cadres,  foreman  and  skilled  workers. 

I.  As  early  as  1823,  the  British  referred  to  the  ''unhappy  scepticism" 
in  France  which  has  been  jusMy  ascribed  to  ''mathematics',  ["Cotqrove,  18]]. 
Comparison  of  '^erman  and  French  enqineers  in  iron  mininq  emphasizes  that 
while  both  are  fhooretical,  and  unready  for  practical  work  on  qraduafion 
from  their  advanced  trainino,  the  French  arc  far  more  soTFarker,  passinQ. 
French  chemists  have  a  mania  for  theory  CPalmade,  240"].  Novels  and  aphorisms 
combine  to  deride  the  danqers  of  doalinas  with  enqineers  who  understand 
theory  but  have  not  experienced  practice.  Henri  Fayol,  Graduate  of  the 
Ccole  des  mines  at  St.  Etienne  who  was  a  successful  manager  of  the  Societe 
de  Commentry-Fourchambaul t  before  noinn  on  as  an  efficiency  engineer  and 
prophet  of  somethinn  close  to  Taylorism,  in  1900,  attacked  the  curricula: 
■'f'lathemat  i  cs  was  the  subject  mojt  in  need  of  reform.  Curri- 
cula demanded  an  intensive  study  of  hinher  mathematics.  Yet  in  point  of 
fact,  when  it  came  to  the  world  of  practice,  almost  none  was  used.  This 
was  Fayol 's  own  experience.  When  he  inquired  of  others,  he  found  the 
same  thing.  Engineers  at  work  used  no  higher  mathematics.  As  managers 
there  was  even  less  likelihood  of  their  so  doing.  The  young  qualified 
engineer,  instead  of  being  fit  and  alert  on  entering  industry,  was  physi- 
cally and  mentally  worn  out,  barely  capable  of  undertaking  the  simplest 
tasks.  If  those  quite  useless  highly  theoretical  studies  were  eliminated. 


II;  - 


tho  nan  could  \Aarf   an  omploymont  sooner,  and  ho  would  be  better 

prepared  for  what  lay  ahead  of  him,''  Qlrodie,  40.1. 
2.  It  is  hardly  ncce<-3sary  to  support  tho  criticism  that  French  in- 
stitutions are  overcentra  I  i  zed  -  o  thonie  well  developed  since  Louis  XIV 
and  earlier.  One  insinht  is  afforded,  however,  by  Dupin's  criticism  in 
1820  that  the  time  table  of  tho  Ccolo  polytechn i que  provided  detail 
schedules  of  the  amount  of  time  to  be  spent  on  each  subject  durinn  the 
day,  down  to  minutes,  lie  ini.isted  that  students  were  not  idenfical  and  did 
not  all  take  the  same  time  to  understand  niven  material,  ask  inn  that  some 
students  be  allowed  double  or  even  triple  allotments  for  some  studies 
[Dupin,  32lj. 

Authority  and  centralization  meant  domination  of  branches  of  science 
by  established  views  which  did  not  welcome  new  ideas  from  abroad  in  many 
cases,  nor  induipe  wide-ronqinq  curiosity  in  their  underlings.  [Guerlac,  8Gl]. 
3.  Tables  II  to  IV  below  boar  to  some  denree  on  the  cliquishness  of  various 
schools;  although  differences  in  the  type  of  education  required  for  different 
industries  play  a  role  which  is  not  allowed  for.  Qualitative  evidence 
is  furnished  in  statements  of  observers.  Certain  posts  are  reserved  for  certain 
schools  [Del eforterie-Soubeyroux,  107_].  Alumni  place  on-cominq  graduates 
LProst,  300j.  Companies  are  known  by  the  qrandes  ecoles  with  which  they  dea  I  : 
the  leading  Peugeot  heir  is  always  entered  for  Centrale  and  I B'l  in  France 
hires  mainly  Miere.  Frenchmen  today  are  conscious  when  two  economists  of 
tiio  Eco I e  de  droit  on  the  Commission  of  the  Common  market,  Marjolin  and  3arre, 
are  replaced  by  two  from  the  Ecole  pol ytechn ique,  Deniau  and  Ortoli. 


-  IG 


Accordinq  to  nossip,  UeGaulle,  a  product  of  the  r.cole  speciale  militairo 
at  St.  Cyr  detested  ciraduates  of  Pol  ytectm  i  que  and  would  not  have  them 
in  his  cabinet,  althouqh  the  statement  lacks  conviction  in  the  linht  of 
Valery  Giscard  d'Estainn  and  [lournes-Maunnory ,  both  Po lytechn i ciens,  who 
were  cabinet  ministers,  and  Jacques  Rueff,  another  alumnus,  on  whom  he 
relied  for  monetary  advice. 

("lifism  is  perhaps  carried  no  further  than  in  oHior  coufitriGs  where 
insiders  are  conscious  of  who  earns  triple  firsts  at  Oxford  or  f^-smbridqc, 
or  is  Graduated  first  nt  Harvard  Law  School.  T'lo  French  mention  these 
ranks  more  frequently.  They  are  impressed  that  President  Albert  Lelirun 
of  the  Thiird  "'epublic  entered  Pol_v technique  in  the  230th  rank  and  was 
Graduated  first.  IWchel  Cfievaiier  is  not  referred  to  witiiout  repetition 
of  the  fact  that  he  was  first  at  Ecole  aes  mines.  It  may  be  a  matter  of 
the  relative  sooh i st icat ion  of  the  two  novelists,  or  of  their  interest  in 
fhe  cliaracfors,  that  the  hero  of  Lo  Mn'ffro  do  I  orqos  wos  first  at  Poly- 
tpcfin  iquc  LOfinet,  yj"],   whereas  the  emineer  in  Porcelain  de  Limoges,  who 
dies  a  third  of  the  way  throunh  tlif  book,  was  onlv   second  at  Centra  I  e, 
"sure  of  his  gifts  and  of  the  newer  of  science"  CChardonne,  77].  Oetoouf 
mocks  the  practice  -  at  the  same  time  that  his  autobiographical  account  of 
his  fictional  hero  mentions  that  he  entered  Po lytechni  que  at  an  average 
rank,  and  left  at  one.-  : 

'It  is  sufficient  to  enter  Po I ytechn ique.  As  for  the  rank 
of  leaving,  it  is  useless  to  be  uneasy,  because,  whatever  it  is, 
family,  friends  acquaintances  will  arranoe  at  the  end  of 
several  years,  that  you  emerged  first,"  ^Detoeuf,  I40j. 
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The  literature  is  replete  with  references  to  the  arronance  of 
Polytochn  ic_iens,  "those  parvenus  of  instruction."  Two  will  suffice. 
.,'ith  his  stronq  thesis  and  fnellnn^,  lenu  cle  Lonenie  is  porh^^-.ps  not  the 
most  impartial  observer  hut  characterizes  one  nan  in  the  followinq  manner: 
"F5ut  louchour,  armed  with  all  the  prestine  which  his  title  as  Poiytoch- 
nicien  and  the  considerable  profits  acquired  in  war  orders  gave  him  in  the 
eyes  of  men  of  affairs,  furnished  with  fhe  imperturbable  assurance  which 
was  one  of  his  most  characteristic  traits,  nave  two  proemptory  responses..." 
f_Beau  de  Lomenie,  Ml,  I53lj.  Kuisel  speaks  of  "lercier,  a  colleanue  of 
Loucheur,  and  one  who  ultimately  moved  into  the  semi-Fascist  r^edressement 
Fran^ais  more  judiciously:  "Conscious  of  the  supposed  intellectual  and 
moral  superiority  of  the  nraduatns  of  Leo lo  jp  ly fechn iquo,  ho  took  fire. if 
pride  in  belonqinn  fo  a  rulinn  caste  which  has  a  special  obliaation  for 
social  leadership'  [i^uisel,  AGj.    It  is  deemed  noteworthy  that  the  self-made 
textile  manufacturer,  protectionist  and  later  flinister  of  Finance,  F'ouyer- 
Ouartier,  in  addition  to  d ist i ngu i shi nq  himself  by  a  resistance  to  beer 
and  alcohol  superior  to  tiiat  of  3ismarck  with  whom  he  nenotiated  over  the 
Franco-Prussian  indemnity  of  1371,  should,  as  an  economic  parvenu,  have 
been  sure  of  fiimself  [.Palmade,  US']. 

4.  Tills  "admirable  corps  of  encinoers  which  the  world  envies"  CVial,  129]] 
was  taupht  in  schools  and  universities  which  lacked  the  middle  ranks  in- 
structors, laboratory  assistants  etc.  and  emerced  into  an  economic  world 
with  inadequate  numbers  of  middle-managers  and  foremen.  On  the  former  score. 
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the  difficulty  derived  from  the  theoretical  aspect  of  the  curriculum 
wifh  its  deninration  of  experiment  and  exercises.  On  the  second,  successive 
attempts  were  made  to  fill  the  nap  with  the  Ecole  des  arts  et  metiers, 
specialized  trade  schools  and  the  like,  but  the  scale  was  never  sufficient. 
As  in  underdeveloped  countries  today,  France  in  the  19th  century  at  least 
iiad  too  high  a  proportion  of  h i oh  I y-tra i ned  theorists  relative  to  lower 
ranks  who  would  carry  out  their  directions  in  production. 

The  position  should  not  be  distorted.  In  addition  to  the  weaknesses, 
there  was  the  great  strennfh  of  brilliance,  superb  if  somewhat  biased  training, 
and  dedication  to  the  coals  of  economic  nrowth  spread  by  the  3a i  nt-S  imon  i  ens. 
Let  us  now  turn  to  see  iiow  tiiis  scientific  and  technical  education  relates 
to  industrial  enterprise. 


I  I 


In  the  view  of  some  radical  economi st^  today ,  the  function  of  the  boss 
in  Industrial  production  is  to  oxnioit  the  workers  and  distort  income 
distribution  against  wages  and  in  favor  of  profit  and  rent.  We  take  a  more 
conventional  view,  and  consider  the  functions  of  the  entrepreneur  as  consisting 
of  I)  providing  inputs;  2)    adopting  a  technology;   3)  administering  the 
production  and  distribution  processes;  and  4)  selling  outputs.  Among  the 
inputs  are  clearly  capital,  and  in  a  number  of  instances,  such  as  the  early 

A 

maitres  de  forge,  wooded  land  to  furnish  charcoal.  (Unlike  England  where 
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ownership  of  land   included  mineral  rights,  such  rights  belonged  to  the 
state,  which  accounts  for  its  preoccupation  with  mining  embodied  In  the 
Corps  des  mines. )  Some  mercantile  skill  was  reguired  in  buying  raw  materials, 
especially  in  such  industries  as  textiles.  The  marketing  function  was 
entirely  mercantile.  Administration  called  for  skill  in  human  relations, 
including  the  exercise  of  authority  and  possibly  could  be  broadened  to  in- 
clude the  speculative  flair.  None  of  these  bears  much  relation  to  scien- 
tific and  technical  education. 

In  technology,  the  analysis  will  follow  the  familiar  division  of 
Gchumpeter  and  deal  with  invention,  innovation  and  imitation  [Schumpeter, 
passiml].  Scientific  and  technical  education  can  contribute  to  all  three, 
but  it  is  not  their  sole  source. 

Entrepreneurs  emerge  from  backgrounds  which  rely  on  these  functions  in 
different  proportions.  Which  function  deserves  the  emphasis  will  depend 
on  the  industry  in  guestion  and  its  stage  of  development.  Attempts  have 
been  made  to  characterize  entrepreneurs  in  different  schemas.  "Trader, 
financier,  speculator  and  inijstria  I  ist"  CRedlich,  1958,  96]]  comes  close  to 
the  foregoing  functional  categories.  A  different  taxomony  into  "business- 
oriented,  industry-oriented,  and  job-oriented  [ibid.,  97]  fits  less  well, 
though  business  orientation  can  be  associated  with  the  mercantile  function 
and  industrial  orientation  to  some  degree  with  technology.  Cole's  division 
into  "empirical,  rational  and  cognitive"  [quoted  in  Redlich,  1959,  117] 
deals  with  degree  of  specialization,  as  a  function  of  historical  task- 
differentiation.  The  empirical  business  man  could  run  a  mercantile  house, 
bank  and  text  i le  mill  simultaneous ly.  His  ski  I  I s  were  mercant i le,  he 
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possessed  capital,  and  he  was  a  good  administrator.  The  rational  business 
man  specialized  in  all  phases  of  a  single  industry;  the  cognitive  was  a 
job  specialist  in  finance,  marketing,  or  production  (again  the  three 
functions  but  only  one  of  them)  who  could  shift  industries  without 
changing  the  nature  of  his  work. 

There  is  a  strong  temptation  to  build  a  "staple  theory  of  entrepreneur- 
ship'which  would  associate  given  industries  with  particular  characteristics 
of  their  entrepreneurshi p,  much  as  Harold  Innis,  the  Canadian  economic 
historian,  related  separate  commodities  to  different  types  of  economic 
stimulation  in  the  growth  process  CWatkins,  passim  3.  Broadly  speaking, 
textiles  and  banking  are  entered  by  entrepreneurs  from  trade,  the  metallur- 
gical industries  from  artisanal  occupations,  and  industries  of  high  tech- 
nology from  technical  training  or  complex  trades   like  clock-making,  lock- 
smithy  or  the  shop  of  the  apothecary.  There  may  be  national  differences. 
Early  English  entrepreneurs  are  said  to  have  been  technically  oriented, 
whereas  in  Germany  the  merchant  had  at  least  an  equal  weight.  CZunkel,  25ll. 
Early  entry  into  iron  was  frequently  based  on  ownership  of  woodlands  needed 
for  charcoal.  No  generalization  stands  up  for  long.  The  Krupps  were  a 
merchant  family.  Silesian  nobility  went  into  iron  and  steel  based  on  owner- 
ship of  forests,  but  Rhenish  nobility  did  not.  Sons  of  professional  men, 
especially  of  clergymen,  are  frequently  successful  entrepreneurs.  This  seems 
to  be  based  less  on  the  relation  between  Protestantism  and  business,  though 
such  was  not  unknown,  as  on  the  tension  between  limited  means  and  cultural 
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aspirations,  which  becomes  translated  into  material  ambition,  [ibid.,  28-3011. 

In  France,  the  "kings  of  iron",  Schneider,  Wendel,  and  Talabot,  came 
respectively  from  petty  trade  via  bank  emp loymentCand  the  Conservatoi  re 
des  arts  et  metiers),  an  established  aristocratic  family  with  land  and 
wealth,  and  from  the  Ecole  polytechn ique.  In  locomotives,  Gouin  was  the 
son  of  a  banker  and  Ca i I ,  an  apprentice  coppersmith,  who  teamed  up   with 
a  chemist  manufacturing  sugar-refining  machinery. 

The  pioneers  of  the  automobile  in  France  had  various  social  (and 
economic)  origins:  small  mechanic  (Bouton) , student  (Renault),  industrialist 
(Peugeot)  and  aristocrat  (de  Dion).  [Mosse,  19]].  It  might  be  added  that 
Citroen  was  a  Polytechn  icien  and  Panhard  and  Levassor,  alumni  of  Centrale, 
and  that  the  families  of  Renault,  Citroen  and  Berliet  were  comfortable 
bourgeoisie,  the  Renaults  in  drapery  (and  manufacture  of  buttons  ),  Citroens 
in  diamonds,  and  Berliets  in  millinery.  Most  salient  is  that  the  genius 
of  Renault  lay  in  that  he  was  "possessed  of  the  demon  of  mechanics",  while 
Citroen  was  "an  astonishing  commercial  genius,  with  an  extraordinary  sense  of 
publ icity"  [Palmade,  236].^ 


5.  Challot  notes  however,  that  the  Citroen  company  reflects  peculiarly  French 

characteristics  in  its  poor  production  techniques  and  sales  performance.  It  was 

brilliant  in  designing  cars  but  performed  "less  happily  on  the  financial  level" 

CCallot,  270-713.  The  Michel  ins  who  took  it  over,  started  as  small-scale  makers 

of  bicycle  tires.  I  do  not  know  whether  the  younger  generations  acquired  an 

engineering  training,  or  whether  the  "X"  radial,  steelbelted  tires  bears  any  re- 
lation to  "X",  the  nickname  for  the  Ecole  polytechnique. 


22 


Georges  Dufaud,  who  introduced  puddling  of  steel  into  France,  was  both 
Polytechn Icien  and  an  heir  of  a  p re-Revo  I ut ion  established  family,  but 
he  had  a  strong  commercial  sense,  being  interested  in  the  firm's  reputation, 
credit,  use  of  intelligence  in  discovering  new  outlets,  and  the  sense  of 
what  pleases  a  client  C  Thul I  I ier,  24,  quoted  by  Vial,  174], 

Even  in  the  technologically-demanding  chemical  industry  there  is  contrast 
between  Kuhlmann,  who  taught  chemistry  at  the  University  of  Lille  at  21 
before  starting  the  company  which  bears  his  name,  and  Motte,  the  textile 
manufacturer  from  neighboring  Roubaix,  who,  if  the  account  can  be  accepted, 
was  called  from  the  army  in  World  War  I  by  his  fellow  townsman,  Loucheur, 
to  run  Le  Chi  ore  Li  guide,  established  for  poison  gas.  Motte  is  reported  to 
have  said  that  he  knew  nothing  of  chemistry  in  general  nor  of  chlorine  in 
particular,  so  that  he  teamed  up  with  his  brother-in-law,  Edmond  Gi  I  let  of 
the  Lyon  firm  which  had  started  in  sill<;,  and  moved  into  dyeing  and  then 
chemicals.  Between  them,  Motte  and  Gi  I  let  formed  Produits  Chimiques  Gil  let 
et  Fi I s  (Progi I )  later  absorbed  by  Pechiney,  CSeau  de  Lomenie,  III,  67,  I74j. 

Entrepreneursh i p  thus  stems  from  and  is  nurtured  by  wealth,  mercantile 
skills,  technological  training  and  administrative  ability  in  patterns  with 
shifting  and  somewhat  confused  emphasis;  it  is  nonetheless  likely  that  the 
staple  theory  of  entrepreneursh ip  is  valid.  The  mix  in  entrepreneurial  ca- 
pacity from  these  sources  will  vary  among  firms  at  a  given  time  in  a  given 
industry,  between  industries,  and  over  time  as  production  processes  become 
more  complex.  With  its  strong  emphasis  on  technical  training,  therefore,  one 
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should  look  for  France  to  excel  I  in  those  aspects  of  entrepreneursh Ip  which 
require  it:  and  especially  invention,  innovation  and  imitation. 

Much  invention  comes  from  scientists  and  engineers.  Musson  is  right  in 
insisting  that  the  literature  on  the  industrial  revolution  exaggerates  the 
amateur  character  of  British  inventors  as  tinkerers,  denigrating  the  contri- 
bution of  the  Scottish  universities  and  the  Dissenting  Academies  to  their 
scientific  education.CMusson,  3,  61].  French  science  produced  many  inventions 
and  discoveries:  the  graduates  of  Ecole  polytechnique  alone  discovered 
radio-activity,  and  initially  produced  artificial  silk,  smokeless  gunpowder, 
reinforced  concrete,  the  Houdry  process  for  oil  refining,  the  electric 
brake  for  trains,  designed  the  brilliant  Caravel le.  Hydro-electric  power 
stems  from  a  Centra  Men,  Bergues.  From  the  scientists  came  the  discovery  of 
chlorine,  the  Leblanc  soda  process,  and  the  contributions  of  Pasteur  to 
many  practical  fields.  There  also  were  tinkerers,  like  Jacquart,  of  the 
Conservatoi  re,  although  he  was  trying  to  solve  an  artistic  problem,  and 
there  were  the  artists. 

Cyril  Smith's  theory  of  technological  invention  emphasizes  the  role 
played  by  the  decorative  arts  in  discovering  new  processes,  particularly 
in  the  development  of  new  materials  and  new  methods  of  handling  materials. 
Casting  of  statues  uncovered  new  metallurgical  techniques.  High-temperature 
methods  of  treating  materials  come  from  ceramics.  Glass-making  at  which 
the  French  have  excelled,  has  many  decorative  aspects,  including  household 
objects  of  art  and  stained-glass  windows,  which  in  their  turn  provided  the 
technique  developed  for  molding  the  lead  into  H-shapes  to  hold  the  glass  - 
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which  later  evolved  Into  the  extrusion  of  steel  rails  and  I-beams  CSmith,  526]. 
This  insight  has  bearing  on  a  vita!  economic  issue:  the  extent  to  which 
inventions  and  innovations  are  a  response  to  eoconomic  forces.  Schmookler 
maintains  that  inventors  do  not  make  discoveries  by  chance,  but  invent 
in  response  to  the  market.  He  offers  powerful  evidence  from  railroads, 
agriculture,  petroleum  refining  and  paper  making  [Schmookler,  passim]. 
Further  evidence  could  be  cited  from  the  18th  and  19th  century  that  ad- 
vances in  instruments  especially  for  navigation,  surveying  and  optics,  to 
limit  the  discussion  to  one  field,  were  responsive  to  felt  needs.  The 
research  that  went  on  in  the  Royal  Manufactory  at  Sevres,  however,  - 
in  glazes,  enamels  and  paints  -  C^athias,  80]  -  can  hardly  be  regarded 
as  market- i nduced.  Science  used  to  create  an  object  of  beauty,  science  for 
science's  sake,  science  and  technology  for  g I o  i  re ,  like  science  out  of 
curiosity,  and  science  for  military  purposes  might  all  serve  aristocratic 
rather  than  bourgeoise  values.  The  market  is  not  competitive.  Within  broad 
limits,  money  is  no  object. 

Pitts  has  pointed  to  the  essential  ingredient  of  aristocratic  values: 
prowess,  the  unreproductab ie  act,  whether  at  the  work  bench,  on  the  field 
of  battle,  in  the  salon  or  the  boudoir  [Pitts,  passim].  To  the  slogans  he 
cites:  "Never  count  your  change,"  "never  take  cover",  "his  men  adore  him", 
can  be  added  "Make  it  the  way  I  want  it  and  never  mind  the  cost." 

These  innovations  are  market- induced  in  a  sense,  but  the  demand  is 
inelastic  with  respect  to  price,  and  cost-minimization  is  a  weak  argument 
in  the  function.  Nor  are  the  inventors  especially  interested  in  making  money. 
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This  aristocratic  attitude  seems  to  have  been  characteristic  of  the  Comte 
de  Chardonnet,  the  Polytechn  icien  who  invented  artificial  silk.  Coming 
from  the  most  traditional  of  nobility  of  the  Vendee,  he  saw  his  invention 
exploited  by  "two  groups  of  fortune",  the  Carnot  Societe  de  Viscose  and 
the  Gi  I  let  group  of  Lyons,  CPalmade,  237,  249l|.Bertholiet,  who  discovered 
the  use  of  chlorine  for  bleaching  textiles,  had  no  interest  as  a  scientist 
in  the  material  possibilities  offered  [Musson,  54].  Three  generations 
later  Berthelot  who  opened  up  the  field  by  synthesizing  acetylene  opposed 
efforts  to  turn  organic  chemistry  to  practical  use  [Weiss   3. 

Even  when  an  inventor  hopes  to  gain,  it  is  by  no  means  assured  that 
he  will.  The  Jacquard  loom  was  taken  up  in  Britain  long  before  its  use 
spread  back  to  France.  Philippe  de  Girard's  "great  invention  for  spinning 
flax"  was  not  accepted  in  France  until  it  was  appreciated  by  the  British 
[Dunham,  293-96!].  Verguin,  who  in  1859  discovered  synthetic  fuschine  for  dyeing 
cloth  red,  saw  his  team  dispersed  and  driven  to  Switzerland  by  the  im- 
patience of  Henri  Germain,  president  of  the  Credit  Lyonnais,  eager  to  make 
profits  quickly  [Bouvier,  37^.  Lost  I  I  I usions  by  Balzac  is  a  precautionary 
tale  of  one  David  Sechard  who  invented  a  process  for  making  paper  out  of 
ubiquitous  vegetable  fiber  instead  of  linen  rags,  only  to  have  his  invention 
exploited  by  the  evil  brothers  Cointet,  [Balzac,  passim]  To  carry  invention 
through  to  innovation  requires  commercial  and  financial  sophistication,  and 
drive.  The  great  innovation  of  interchangeable  parts  developed  in  New 
England  by  Eli  Whitney  and  the  gunmakers,  was  anticipated  in  theory  in  the 
first  half  of  the  19th  century  by  Reamur,  and  actually  put  into  practice 
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on  a  limited  scale  in  an  arsenal  in  Versailles  before  the  Revolution. 
Persistent  application  of  ingenuity  lacked,  however,  and  the  attempt  lapsed. 
There  is  something  in  the  ironic  remark:  the  French  invent;  the  British  do. 

Imitation  calls  for  an  attribute  contrary  to  aristocratic  values,  hu- 
mility. There  were,  as  we  shall  see,  many  French  who  were  prepared  to  learn 
by  visiting  Britain,  or  to  be  taught  by  imported  British  workers.  Some 
were  aristocrats;  many  were  alumni  of  the  grandes  ecoles.  Intellectual  ca- 
pacity and  readiness  to  learn  from  equals  characterize  science;  Intel lec- 
tual  capacity  and  aqui sit i veness  in  graduates  of  the  grandes  ecoles  who 
go  into  industry  were  often  found  with  readiness  to  learn  from  peers 
miss  ing. 

But  most  graduates  of  the  grandes  ecoles  go  into  government  service 
or  into  engineering,  i.e.  public  works,  which  in  staple-theory  terms 
differs  fundamentally  from  business.  Instead  of  selling  to  the  masses,  one 
deals  with  a  government  or  at  most  with  bankers.  Rondo  Cameron's  France 
and  the  Economic  Development  of  Europe  is  misleading  to  the  extent  it 
implies  that  it  was  French  bankers  and  businessmen  who  went  abroad  to  spread 
the  techniques  of  the  Cred  it  Mob  i  I ier.  The  men  who  accompanied  the  bankers 
were  engineers,  building  railroads,  bridges,  canals,  tunnels,  ports, 
stations,  -  not  industrialists.  De  Lessups  was  not  an  engineer  but  a  diplomat, 
though  the  project  derived  its  start  from  the  Polytechn  iciens  under  Enfantin, 
the  French  company  was  directed  by  Paul  in  Talabot,  and  many  of  his  colleagues 
were  also  alumni  [Ecole  polytechn i que,  523.  A  number  of  speculators,  another 
aristocratic  and  ant i -bourgeois  attribute,  were  among  the  French  who 
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pioneered  for  profit  in  Russia  in  establishinn  businesses  CMcKay,  passimH. 
The  products  of  the  Ecole  des  mines  perform  their  engineering  feats 
in  Algiers,  Spain,  Russia  and  elsewhere  outside  the  Hexagon.  The  con- 
tribution was  first  finance  and  second  technological.  They  did  not  serve 
as  entrepreneurs  in  the  full  sense  involving  finance,  marketing,  tech- 
nology and  administration.  French  genius  lay  in  engineering,  as  the  career 
of  another  famous  bridge-builder,  Eiffel,  from  Centra le,  testifies.  Folklore 
has  it  that  Eiffel  was  discharged  from  Central e  without  his  degree  of 
Engineer  of  Arts  and  Manufactures  for  some  disciplinary  infraction,  and 
that  when  the  school  claimed  him  as  its  own  after  his  fame,  he  resisted 
post  facto  adoption. 

I  have  been  unable  to  find  trace  of  any  but  two  of  the  foreign  students 
of  the  grandes  ecoles.  One,  Charles  King,  had  the  improbable  educational  experien( 
of  attending  first  Harrow  in  England  and  then  the  Ecole  polytechn ique. 
He  was  for  some  time  a  partner  of  Archibald  Gracie,  a  merchant  whose  country 
house  now  serves  as  the  mayor's  residence  in  New  York,  and  later  became 
president  of  Columbia  University.  [Albion,  25311.  The  more  interesting 
illustration  is  furnished  by  Alfredo  Cottau,  and  Italian  of  an  Alsatian 
family,  who  was  able  to  enter  the  French  naval  school  at  Toulon  by  virtue 
of  a  great  uncle  in  the  French  navy,  went  to  the  Ecole  pre'paratoi  re  de  la 
Mari  ne  in  Paris  for  two  years  beginning  in  1855,  and,  after  a  cruise,  re- 
turned to  his  native  Naples.  There  he  worked  for  a  time  with  the  English 
engineering  firm  of  Guppy  and  Co.,  and  studied  bridge  and  road  design  locally 
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before  returning  to  Paris  to  study  engineering.  Tlie  mention  of  bridges 
and  roads  suggests  that  he  was  an  externe  at  Fonts  et  chaussees  but  the 
point  is  not  explicit.  After  finishing  his  studies  he  worl^ed  with  Ernest 
Gouin  and  Co,  special izing  in  bridges  and  metal  roofs,  after  which  he 
returned  to  Italy,  winning  competitions,  working  briefly  for  the  govern- 
ment, and  finally  serving  as  an  engineer  for  a  railroad.  Cottau  took 
an  active  part  in  public  questions,  writing  in  II  Po I i  techn  i  co  in  favor 
of  narrow-gauge  railroads  to  save  on  capital  costs  and  coal  consumption, 
and  building  viaducts,  bridges  and  roofs  of  stations.  Alsatian  and  Italian 
genes  combined  with  French  training,  British  experience  and  Italian 
conditions  to  produce  an  effective,  public-spirited  engineer,  CdeRosa,  chap. 
ixH. 

It  is  surprising  that  one  finds  few  graduates  of  military  schools  who 
go  into  industry.  One  should  have  thought  that  administrative  capacities 
developed  in  the  military  -  and  the  French  army  has  been  cited  as  a  counter- 
example to  the  family-firm  argument  that  Frenchmen  prefer  organizations 
small  -  would  make  a  contribution  to  entrepreneursh ip.  In  the  United  States, 
resigned  army  officers  are  a  source  of  top  and  middle-level  management. 
Werner  Siemens  founded  his  electrical  company  with  the  artisan  Halske 
in  Berlin  after  fifteen  years  in  the  Prussian  army  as  an  engineer  and  in 
artillery  school,  "the  happiest  of  his  life".  Winning  contracts  to  provide 
telegraph  installations  to  the  army,  he  hired  another  artillery  officer  to 
run  the  administrative  side  of  the  company,  an  early  step  in  the  bureaucra- 
tization of  the  German  large-scale  firms  [Kocka,  15,  76].  The  Centennial 
volume  of  Pol ytechnique  mentions  one  Jacquemart  who  resigned  as  an  officer 
of  artillery  to  go  into  the  chemical  industry  [Ecoie  polytechnique.  III,  560]. 
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The  semi -f let iona I  Darenton  resigned  from  the  artillery  when  he 
married  a  lady  whose  father  owned  a  business.  The  resignation  of  Gouin 
upon  immediate  graduation  from  Ecole  po lytechnique  has  been  mentioned 
but  is  different  as  he  had  not  served  in  the  military  forces.  Table  II 
notes  only  56  outstanding  business  leaders  in  France  of  15  years  ago,  less  than 

2  percent  of  the  sample,  who  received  higher  diplomas  in  military  schools. 
Military  service  in  France  -  and  of  course  for  the  Junker  officers 

in  Germany  -  catered  to  aristocratic  rather  than  bourgeois  or  industrial 
va I ues. 

Technical  instruction  in  commerce  played  little  part  in  the  formation 
of  entrepreneurs  in  France  so  far  as  the  record  shows.  Business  leaders 
do  not  come  from  schools  of  commerce,  which  provided  rather  the  middle 
ranks.  British  and  German  mercantile  education  was  usually  sought  through 
a  year  or  years  abroad  in  the  counting  house  of  a  relative  or  business 
correspondent,  along  lines  set  out  in  Buddenbrooks.  The  French  were  less 
ready  to  follow  this  practice.  Graduates  of  the  technical  schools  work 
abroad  for  stated  periods,  as  we  have  indicated,  which  accounts  perhaps  for 
the  surprising  statement  in  a  history  of  the  Ecole  po lytechnique  that 
Polytechniciens  emigrate  easily  -  a  statement  backed  by  the  odd  example  of 
a  graduate  who  taught  at  the  Harvard  Business  School.  CCallot,  303l|.  Nor 
is  banking  a  profession  acquired  through  learning,  unless  perhaps  in  recent 
years.  Over  most  of  our  period  it  was  entered  through  inherited  wealth  or 
through  apprenticeship.  Beau  de  Lomenie's  major  thesis  is  that  virtually  all 
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positions  of  prominence  In  French  politics,  Industry  and  finance  were 

occupied  by  the  descendents  of  200  families  which  established  themselves 

in  positions  of  power  in  1789  or  shortly  thereafter  and  never  let  go. 

Evidently  wide  of  the  mark  in  industries  such  as  automobiles,  electric 

equipment,  and  much  of  chemistry,  it  applies  better  to  iron  and  steel  - 

with  exceptions  for  Schneider,  Benoist  d'Azy  and  Talabot  -  and  best  of 

all  to  banking.  There  were  new  entrants  but  apart  from  the  Rothschilds, 

they  did  not  last  long.  The  Sai nt-Simon len  Pereires   the  speculator 

Mires  and  Bontoux|l-he  engineer  from  Polytechnique  and  Ponts  et  chaussees, 

had  moments  of  success,  but  ended  up  defeated.  One  moved  into  banking 

from  commerce,  industry,  engineering,  or  even  Lettres  ,  or  more  readily  one 

was  descended  from  an  old  banking  family,  preferably  Protestant  and  from  Geneva, 

In  contemporary  France  scientific  and  technical  education  do  train 
for  business,  as  Tables  II  to  IV  from  Mile.  De lefortrie-Soubeyroux 
illustrate.  Engineering  dominates,  and  within  engineering  the  Ecole  poly- 
technique  leads  In  public  enterprise.  Centra le  in  private.  It  will  be  re- 
called from  Cal lot's  data  in  footnote  3,  that  while  a  plurality  of  the  gra- 
duates of  the  Ecole  polytechnique   is   in  in  industry,  a  large  majority, 
divided  between  civil  functionaries  including  nationalized  industry  and  the 
armed  forces,  is  not.  It  is  likely  that  the  proportions  of  Polytechn Iciens 
entering  government  and  private  Industry,  as  opposed  to  the  army,  have  been 


6.  The  first  part  of  the  centrennlal  celebration  volume  of  the  Societe 
Generate  was  written  by  Jean  Meary,  a  director  of  the  bank,  alumnus  of 
the  Ecole  normale  superieure,  aggrege  in  history  and  geography,  and  a 
member  of  the  Inspection  des  finances  [Meary,  preface!].  This  must  be 
the  French  equivalent  of  a  triple  first  in  greats. 
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rising  from  the  first  half  of  the  19th  century  to  the  middle  of  the 
20th,  but  figures  to  fix  the  point  are  lacking.  The  tables  show  only 
the  position  in  the  middle  1950s,  for  industry  -  including  nationalized 
industry,  -  but  not  government.  The  educational  information  is  extracted 
from  a  wider  study  which  includes  social  and  regional  origins,  size  of 
f ami ly  and  the  I i  ke. 

Table  II  is  derived  from  biographical  information  in  directories, 
mainly  Who's  Who  in  France,  supplemented  by  surveys  by  Enterpr i  se, 
Bottin  Mondain  and  L'Annuaire  Desfosses.  Information  on  education  is 
86.5  percent  complete,  so  that  probably  700  of  the  800  recorded  without 
diplomas  can  be  said  to  have  had  no  higher  education.  More  than  a  quarter 
of  those  with  diplomas  had  more  than  one,  including  175  Po lytechn  iciens 
with  other  scientific  diplomas,  52  with  non-scientific  diplomas,  123 
outside  of  the  Ecole  polytechn ique  with  more  than  one  scientific  diploma  etc. 
COe  lefortrie-Soubeyroux,  59ll.  What  is  particularly  striking,  apart  from  the 
dominance  of  engineering,  is  the  showing  of  Sciences  Po,  equal  to  the  Ecole 
de  droit  and  more  than  double  Letters,  Science  and  the  military  schools. 

Tables  III  and  IV  furnish  details  of  the  educational  training  of  top- 
level  management  in  selected  nationalized  and  private  industries,  respectively. 
"Sans  indication"  is  not  equivalent  to  those  without  higher  degrees,  which  is 
not  given.  The  figures  reflect  again  the  dominance  of  engineering,  the  pre- 
ference of  certain  industries  for  particular  mixes  of  training  and  institutions, 
whether  because  of  the  staple  theory  alluded  to  earlier,  or  the  alumni  connec- 
tions between  firms  and  schools.  The  preference  of  nationalized  industries 
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for  graduates  of  the  Ecole  polytechnique  -  or  vice  versa  -   is  clearly 
shown,  and  the  much  greater  relative  importance  of  Arts  et  metiers  in 
private  than  in  public  industry.  The  rise  of  specialized  engineering 
schools  represents  the  culmination  of  a  trend  observed  earlier.  The 
schools  of  commerce  are  relatively  unimportant  in  private  industry  and 
of  no  consequence  in  public. 
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An  evaluation  of  the  success  of  scientific  and  technical  education 
in  France  in  promoting  French  entrepreneurshi p  is  overdue,  but  one  so- 
ciological point  may  be  made  first.  In  France  entrepreneurshi p  typically 
had  origins  in  banking,  commerce  or  artisanry,  and  acquired  scientific 
and  technical  capacities  in  later  generations,  whereas  in  Britain  firms 
were  often  started  by  men  of  scientific  attainments  whose  sons  moved  away 
from  science  to  letters,  politics,  and  country  living.  The  ranks  of 
mattres  de  forge  who  sent  sons  to  Ecole  polytechnique  or  the  Ecole  des 
mi  nes,  include  Wendel ,  Gargan,  Janoyer,  Reverschon,  Thoyot,  Dufaud  and 
others  [Vial,  179,  3953.  A  Japy  was  usually  at  the  Ecole  polytechnique, 
a  Peugeot  heir  at  Centra le.  The  son  of  Panhard  from  Centra le  moved  up 
to  the  Ecole  polytechnique.  From  Alsace,  the  Koechlins  of  textiles  and  the 
Sch I umbergers  of  textile  machinery  went  on  to  Ecole  polytechnique,  although 
they  did  not  always  stay  in  the  family  line  of  endeavor  -  one  Schlumberger 
moving  into  oil  exploration  equipment,  and  another  later  in  jewelry,  and 
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a  Koech  I  i  n  Polytechn  icien  became  a  I ead  i  ng  mus  i c i an .  The  Ecole  polytechn  iqije 
produced  doctors,  musicians,  painters,  novelists,  lawyers,  men  of  holy 
orders  and  diplomats,  along  with  engineers  CCallot,  298-9911,  probably  re- 
presenting  those  who  were  launched  by  the  pere  de  fami  I le  on  a  technical 
and  scientific  career  for  which  they  were  not  suited. 

The  urge  of  the  father  to  push  his  son  into  science  and  engineering  in 
order  to  enable  the  latter  to  improve  his  business  is  brought  out  in  the 
long  speech  of  M.  Cardonnet,  father  of  the  hero  Emile,  in  George  Sand's 
socialist  novel,  Le  Peche  de  M.  Antoine.  Emile  had  been  sent  to  study  science 
because  the  father  arrived  only  by  instinct  at  solutions  of  problems  in  geo- 
metry and  mechanics  useful  in  business.  When  Emile  moved  within  the  exact 
sciences  to  useless  astronomy,  the  father  forced  him  to  switch  to  law.  He 
had  sought  to  find  a  means  to  make  him  useful.  He  had  a  fortune,  but  was  ig- 
norant of  law  and  at  the  mercy  of  perfidious  counsels.  Emile  was  to  learn 
law,  but  not  to  be  a  lawyer,  CSand,  1,  152-543. 

The  contrast,  of  course,  is  with  Britain,  where  the  sons  of  the  founder 
tend  to  go  to  Oxford  an:l  Cambridge  and  study  greats  or  modern  greats  for 
careers  in  politics,  including  the  civil  service,  or  the  professions  when 
they  do  not  retire  to  the  country  or  the  Riviera.  The  classic  example  Is  perhaps 
that  of  John  Marshall  of  Leeds,  in  1848,  the  leading  flax  spinner  in  the  world, 
whose  two  sons  coped  feebly  with  his  firm,  and  whose  grandsons  ruined  it,  CRimmer, 
passim]].  In  Britain,  professionalism  in  family  firms  diminished;  in  France  it 
increased.  A  hint  of  still  a  different  pattern  comes  from  Germany  where  a 
French  scholar  notes  that  it  was  not  the  successful  handwerker  who  made  it  big 
but  his  son,  who  made  the  conversion  from  powerful  merchant  to  big  entrepreneur. 
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formed  an  Akt iengesel Ischaft  and  hired  a  technical  man  who  remained  in 

the  second  rank.  CAycoberry,  5I8I1.  He  adds  that  there  was  no  tension  in 

the  relations  between  second-generation  merchant-become-busi ness  tycoon 

and  his  technical  man.  Desire  for  one's  children  to  advance  in  the  world 

is  universal:  in  France  it  takes  the  form  of  providing  them  with  a  professional, 

and  preferably  a  scientific  education,  which, at  the  same  time. may  continue 

the  fami ly  concern. 

The  weakness  of  the  system  lay  in  its  elitism,  the  arrogance  of  its 
graduates,  their  incapacity  at  personal  relationships.  The  historical  li- 
terature mentions  indirectly  this  to  a  degree.  "But  above  all  there  remains 
at  the  head  of  the  enterprise  a  man  whose  real  qualities  count  for  much,  the 
director  general  in  whom  it  is  necessary  to  have  technical  competence, 
commercial  sense,  aptitude  for  human  contacts" ( ita I  I cs  added)  CPalmade,  235]. 
"Entrepreneurs  did  not  go  without  risks  in  entrusting  themselves  to  the 
chef  d'atel iers  (with  his  techniques).  This  subjection  accounts  for  the  set- 
back to  Decazeville,  while  perfect  technical  knowledge,  accompanied  by  a  policy 
of  presence  in  the  factory,  (italics  added)  explains  largely  the  successes 
of  Wendel  and  Schneider",  [Vial,  396] 

7.  Decazeville  of  course  suffered  from  exhaustion  of  its  coal  fields.  So,  too 
did  Commentry,  which  effective  administration  and  scientific  research  by 
Fayol  overcame  for  a  time.  Brodie  mentions  that  when  the  Academy  of  Science 
gave  Fayol  the  Delesse  prize  in  1893  It  paid  tribute  "to  his  powers  of  ob- 
servation, his  skill  as  an  experimenter,  his  capacity  to  enlist  the  interest 
of  his  own  engineers  and  workers  In  the  investigation  and  his  ability  to 
secure  the  collaboration  of  distinguished  scientists,"  [Brodie,  2,3  ]. 
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More  direct  evidence  is  available  for  the  modern  period.  A  non-American  psychidtri 
who  changed  careers  to  industrial  consultation  and  spent  two  years  in 
France  with  an  American  consulting  company,  after  four  years  work  in  the 
United  States  with  another,  has  commented  privately  and  anonymously  on  the 
"god- 1  ike"  quality  of  the  engineers  emerging  from  the  grandes  ecoles.  Having 
survived  a  brutal  competition  which  has  eliminated  all  with  any  weakness, 
and  on  the  fast  track  to  fame  and  power,  they  tend  to  be  proud,  obsessed 
with  excellence,  insensitive,  unable  to  relate  to  others,  threatened  by  any 
questioning  of  their  authority.   In  a  T-group  experiment  lasting  two  weeks 
and  involving  a  large  number  of  graduates  of  the  Ecole  polytechn ique,  among 
others,  this  observer  found  the  Messieurs  "X"  first  deeply  resenting  the  : 

authority  of  the  psychologist  group  director,  then  panicking  and  unable  to  : 

function  as  a  group  when  his  leadership  was  withdrawn.  He  commented  that  the 
younger  business  leaders  who  have  had  early  outside  contact  with  the  Harvard, 
Chicago,  or  M, I .T.  business  schools  have  learned  to  open  up,  relax,  and  are 
very  successful.  The  fundamental  quality  and  talent  are  there,  the  drive  to 
achieve  is  strong,  but  it  ^Is  necessary  to  get  exposed  to  other  cultures  and 
to  overcome  their  weakness  in  personal  relations. 

This  insight  has  led  me  to  go  back  and  contemplate  those  leaders  of  industry, 
many  of  the  "X",  known  to  have  travelled  abroad.  In  steel,  the  list  includes 
Benoist  d'Azy,  an  engineer,  Bessy  (loire),  Boigues,  Cabrol  ("X"),  Dubost,  Dufaud 
("X"),  Emi  le  Martin  ("X")  who  devised  the  Martin  process,  Rambourg,  who  worked 

8.  These  observations  relate  to  Crozier's  view  that  in  French  bureaucracy 

promotion  is  by  objective  examination,  rather  than  evaluation  of  performance 
by  ifmiediate  superiors,  because  of  the  French  need  to  avoid  interpersonal 
relations  of  tension,  and  especially  face-to-face  confrontations  CCrozier, 
passim]. 
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as  a  laborer  in  England  and  reported  back  on  rolling  and  puddling,  Schneider 
and  Wendel  ("X"),  CVIal,  ISlH.  Dufaud  was  impressed  by  cheapness,  even  at 
the  expense  of  quality,  on  his  trip  to  England  in  1917,  and  later  he  and 
Boigues  at  Fourchambaul t  broke  with  technical  traditions  and  habits  of  thought 
to  emphasize  large-scale  production,  cheapness  rather  than  top  quality,  with 
the  factory  organized  and  administered  [Thuillier,  ix,  41 H  In  metallurgy 
Gouin,  son  of  the  banker,  and  graduate  of  the  Ecole  polytechn ique  at  the  head 
of  his  class,  resigned  to  follow  Fonts  et  chaussees  as  an  externe.  He  then 
went  to  England  to  complete  his  technical  studies,  working  for  several  months 
in  the  factory  of  a  locomotive  manufacturer  before  returning  to  Paris  to  order 
locomotives  for  the  Paris-Orleans  railroad.  A  traction  engineer  for  the 
Paris-Saint-Germain  railroad  from  1839  to  1845  he  opened  his  own  locomotive 
and  structural  iron  factory  in  1846,  [Ecole  polytechn ique.  III,  57811.  Fourteen 
years  later  his  locomotive  shop  was  directed  by  an  Englishman  named  Lloyd, 
suggesting  he  had  maintained  his  capacity  to  imitate  technology  CdeRosa,  23311. 

Even  earlier.  Marc  Seguin,  an  outsider  of  a  Jewish  family  (as  Gouin  was 
an  insider),  but  a  member  of  the  Academy  of  Sciences,  an  inventor,  and  a  pro- 

A 

moter  of  a  steamboat  company  on  the  Rhone  and  the  St.-Et ienne-Lyons  ra i I  road. 
He  or  a  brother  had  been  to  England,  studied  the  Stockton-Darlington  railraod. 
He  was  keenly  interested  in  the  development  of  the  locomotive  for  which  he 
invented  the  tubular  boiler,  which  Stephenson  promptly  adopted  for  use  in  Britain 
CDunham,  5ll|.  Five  Siguin  brothers  in  all  were  associated  in  the  railroad 
promotion  with  Eduard  Biot,  an  engineer,  son-in-law  of  Becquey,  the  director 
general  at  Fonts  et  chaussees. 
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While  Michel  Chevalier  wrote  more  about  general  matters  than  questions 
of  technical  interest,  he  had  travelled  in  the  United  States  and  written 
Lettres  sur  I  'Amerique  du  Nord,  CDunham,  5811. 

A  more  modern  example  is  furnished  by  Detoeuf,  the  president  of  Thomson- 
Houston  started  by  General  Electric,  it  is  not  entirely  evident  how  much 
of  the  fictitious  account  of  M.O.L.  Barenton,  Confiseur  in  the  foreword  we 
can  transliterate  into  an  autobiography,  but  it  seems  clear  that  the  main 
lines  are  parallel.  M.  Barenton  went  to  the  Ecole  po lytechn ique,  into  the 
artillery  as  a  sub- I ieutenant,  married,  resigned,  entered  his  father-in- 
law's  firm  making  corset  springs  -  an  early  stage  also  in  the  industrial 
career  of  the  Peugeots  -  tried  and  abandoned  exports.  When  corsets  in 
cities  were  ruined  by  sport,  which  crossed  the  Channel  from  Britain,  sales 
were  shifted  to  the  country.  World  War  I  ruined  that  market  among  peasant 
women  and  on  returning  from  the  Army,  M.  Barenton  went  to  America  for  a  year. 
There  he  discovered  ice  cream.  Investing  the  indemnity  received  from  the 
damaqo  to  the  corset  factory  now  his  through  Inheritance  in  a  small  Ice 
cream  factory,  contrary  to  the  advice  of  his  friends,  who  claimed  there  was 
no  market  for  it,  he  never  looked  back  [Detoeuf,  I8ff3.  It  seems  clear  that 
ice  cream  is  a  euphemism  for  electrical  equipment  and  appliances,  and  that 
the  small  factory  was  a  subsidiary  of  General  Electric.  While  the  Propos 
de  O.-L.  Barenton,  Confiseur  can  be  read  as  aphoristic  wit,  at  a  more 
fundamental  level  it  represents  a  critique  of  French  entrepreneurshi p  and  its 
technical  education  by  one  who  has  been  strong  affected  by  foreign  business 
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9 
methods. 

In  the  long  run,  and  once  the  point  about  interpersonal  relations  has 
been  absorbed,  French  scientific  and  technical  education  are  doubtless  going 
to  prove  right.  Excessively  deductive,  Cartesian,  geometric,  mathematical, 
theoretical  for  the  19th  century,  the  system  is  coming  into  its  own  in  a  world 
of  scientific  sophistication,  equipped  with  computers  relying  on  linear 
programming,  decision  and  information  theory,  game  theory  and  Bayesian 
statistical  methods  in  making  business  deci sions.  Busi ness  schools  in  the 
United  States  are  in  some  numbers  reducing  the  inductive  case  method  at  a 
time  when  it  is  being  introduced  in  France.  Provided  that  they  can  acquire 
a  little  humanity,  the  products  of  French  technical  schools  will  bring  to 
business  tremendous  power  both  in  the  field  of  technology  and  in  administration, 
Financial  skill  is  ubiquitous  and  has  always  been  abundant  in  France.  French 
business  may  lag  in  commercial  flair,  but  as  sophistication  overtakes  this 
in  due  course,  she  should  rapidly  catch  up. 

There  are  some  puzzles:  why  for  example  Machine  Bull  was  unable  to  make 
the  breakthrough  from  punch  card  to  electronic  computation  on  its  own.  Others 
failed,  as  well,  such  as  General  Electric  and  R.C.A.  There  may  be  mistake 


The  emphasis  is  primarily  on  theory,  but  occasionally  a  note  on  human  re- 
lations appears.  Thus  the  French  industrialist  has  mediocre  collaborators. 
That  does  not  displease  him.  He  detests  eminent  collaborators,  COetoeuf ,69]. 
Among  international  comparisons: 

"The  Englishman  is  a  practitioner,  who  has  no  theories;" 

"The  German  is  a  theorist  who  applies  his  theories;"  , 

"The  Frenchman  is  a  theorist  who  does  not  apply  them." 

"That  is  called  with  us  having  good  sense"  COetoeuf,  69l] 

Cf.  the  remark  of  one  Captain  More,  a  British  naval  attache  in  Paris,  "The 

English  have  no  system  of  naval  education  and  the  French  have  too  much, "[Artz, 265] 
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in  the  trade-off  between  technological  sophistication  and  practicality, 
as  American  engineers  claim  to  be  the  case  In  S. E.G. A.M.  Important  dangers 
lie  in  wait:  trying  too  much  too  fast,  forcing  science  for  science's  sake, 
for  gloire,  so  as  to  win  seats  at  international  scientific  conferences,  or  a 
bigger  share  of  Nobel  prizes,  instead  of  harnessing  effort  to  the  tasks 
at  hand  QGilpin,  pass  im].  Nonetheless,  French  scientific  and  technical 
education  are  coming  into  their  own.  The  staple  theory  of  entrepreneursh ip 
suggests  that  the  techno loqica I  component  has  grown  with  time.  I  have  not 
seen  the  Hudson  Institute  study  which  predicts  that  France  will  grow  faster 
than  all  the  countries  in  Europe  and  North  America  and  faster  than  most 
of  those  in  the  rest  of  the  world.  If  it  relies  on  French  technical  capacity 
and  if  the  French  overcome  their  weakness  in  human  relation,  -  it  is  a  fore- 
cast from  which  it  is  difficult  to  dissent. 
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Student   Inrollmont    in   Hiriher   Lducntir>n    by    IncuMies   or   5ut»ject: 
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Table     II 

Disfribution   of    a   Sample  of    French   Business    Leaders   taken    from 
Wiio's   iv'ho    in   Franco,    etc.     (1933-1956)    by   fliqher   'Jiplomas* 
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In  the  case  of  those  with  two  or  more  diplomas  (570  in  all),  only  one  has 
been  entered. 

Source:  iiicole  3e lefortr i e-Soubeyroux,  Les  dirineants  de  1' Industrie  franjaise. 
Pa  r  i  s ,  Co  I i  n ,  1 96  I ,  p .  53 
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